BACKGROUND: In patients with COPD, psychological interventions usually target generalized anxiety and depression rather than the sensation of breathlessness. The objectives of this pilot study were to develop and implement a cognitive behavioral therapy (CBT) program specific to the perceptual experience of breathlessness, identify practical issues in the study protocol, and estimate beneficial effects of combining the CBT program with comprehensive pulmonary rehabilitation. 
Introduction
Dyspnea is a multidimensional perceptual experience that reflects an individual's awareness of breathlessness intensity, sensory quality, and unpleasantness. 1 Interventions that target the central processes for perception or cognition associated with dyspnea have been recognized as potential therapeutic strategies. [2] [3] [4] To date, controlled trials of psychological interventions (including cognitive behavioral therapy [CBT] ) in subjects with COPD have targeted generalized anxiety, panic, and depression rather than specifically focusing on the sensation of breathlessness. 2, 5, 6 In subjects with COPD, when psychological interventions for generalized anxiety and depression are used without exercise training or education, small effects (effect size of Ϫ0.27, 95% CI Ϫ0.42 to Ϫ0.14) that are not significantly different from controls are reported. 5 In contrast, adding psychological interventions such as CBT to exercise training and education results in large and significant treatment effects for anxiety (effect size of Ϫ1.39, 95% CI Ϫ2.19 to Ϫ0.59) and depression (effect size of Ϫ0.86, 95% CI Ϫ1.61 to Ϫ0.11). 2 Changes in the perceptual experience of dyspnea after repeated exposure to exercise training may result from improvements in system efficiency (less ventilatory effort for the same work load) and/or familiarity (reduced sensitivity to the sensation of breathlessness). 7 Combining exercise training with strategies that target the cognitive processes underlying the perceptual experience of dyspnea may lead to greater improvements in health outcomes.
Pilot studies can be used to determine whether planning and resources a larger trial are warranted. In addition, these preliminary investigations provide practical information concerning the feasibility of planned recruitment strategy, intervention, and assessment protocols and provide an opportunity for preparatory training of study staff and development of data management processes. 8, 9 The aim of this pilot study was to develop and test a CBT program specific to the sensation of breathlessness. The specific objectives were to: (1) develop and implement a CBT program focused upon the sensation of breathlessness (Breathing: Recognize sensations, Explore thoughts and beliefs, Validate thoughts as useful or harmful, Evolve and change behavior [BREVE] ) in a group of subjects concurrently participating in an 8-week comprehensive pulmonary rehabilitation program, (2) identify any practical issues in the study protocol requiring review, and (3) estimate the beneficial effects of BREVE combined with the standard comprehensive pulmonary rehabilitation program compared with the standard program alone.
Methods

Study Design
This was a pilot study with a retrospective control.
Subjects and Setting
Consecutive patients with chronic respiratory conditions and associated breathing difficulties who intended to undertake the 8-week comprehensive pulmonary rehabilitation program at the Repatriation General Hospital in Adelaide, South Australia, were invited to participate in this study. They were excluded if they had cognitive or memory impairment (Mini Mental State Examination score Ͻ 23/30), 10 had clinically unstable respiratory or cardiac diseases or co-morbidities likely to render exercise unsafe (determined by the Repatriation General Hospital respiratory physician), or were currently registered for lung-volume-reduction surgery or lung transplantation. The control 
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Current knowledge
Dyspnea is a multidimensional perceptual experience that reflects an individual's awareness of breathlessness intensity, sensory quality, and unpleasantness. Interventions that target the central processes for perception or cognition associated with dyspnea have been recognized as potential therapeutic strategies. To date, controlled trials of psychological interventions in subjects with COPD have targeted generalized anxiety, panic, and depression rather than focusing on the sensation of breathlessness.
What this paper contributes to our knowledge
A pilot cognitive behavioral therapy program was successfully implemented and positively received by the majority of subjects. The main practical issues identified included difficulty attaining a complete set of postintervention data and potential for group contamination. No significant differences were evident for descriptors of breathlessness or respiratory-related quality of life. There were significant improvements in the 6-min walk distance in the treatment group. group comprised 58 subjects with COPD who had completed the same comprehensive pulmonary rehabilitation program in the years preceding the pilot study. 7 Both groups (pilot and retrospective control) completed the same assessments. Ethical approval was granted by the human research ethics committees of the University of South Australia (P153/07) and the Repatriation General Hospital (P56/07). All subjects provided written informed consent.
Sample Size
Each individual cycle of the comprehensive pulmonary rehabilitation program (8 weeks) allowed a maximum of 25 subjects to participate. The BREVE program included a weekly psychologist-facilitated group session in which the maximum group size was set a priori at 12. All subjects referred and assessed for one comprehensive pulmonary rehabilitation program cycle were sequentially invited to participate in this pilot study.
Measures
Both the pilot study and control group subjects were scheduled to complete assessments within the 4 weeks preceding rehabilitation and again within 6 weeks of completing rehabilitation. Assessments and the comprehensive pulmonary rehabilitation program have been described previously. 7 In summary, severity of airway obstruction was assessed by post-bronchodilator spirometry, confirmed by a respiratory specialist. Respiratory-related impairment was assessed using the modified Medical Research Council dyspnea scale. 11 Arterial blood gas analysis was completed to determine resting-state hypoxemia. Exercise capacity was assessed using the better of duplicate 6-min walk tests as recommended in the American Thoracic Society guidelines. 12 Disease-specific health-related quality of life was assessed with the St George Respiratory Questionnaire (SGRQ). 13 Although there are a variety of instruments available for assessing dimensions of dyspnea, 1 it has been recommended that choice of instrument or approach should align with the domain of dyspnea most relevant to the research objectives. 1 The CBT intervention targeted the sensory-perceptual experience (predominantly sensory qualities and attendant cognitions and behaviors). The sensation of dyspnea was assessed at rest using a standardized protocol that records descriptors volunteered by subjects in their own words and selected from a preexisting list of breathlessness descriptors. 1, 14, 15 Intervention Each week of the standard 8-week comprehensive pulmonary rehabilitation program included 2 supervised exercise sessions (circuit training, only one supervised session in week 8) and 2 h of knowledge-based group education. Subjects were also encouraged to exercise daily at home (walking program). The total number of face-toface sessions in the standard program was 31 (16 education and 15 exercise sessions). The same health professionals (physiotherapist, psychologist, occupational therapist, respiratory nurse, and dietitian) provided these sessions for both groups (BREVE pilot and control).
The CBT program for the sensation of breathlessness (BREVE) was developed by a physiotherapist (MTW) and a health psychologist (PC) as a sequential series of 8 modules based on research concerning the neurophysiological and psychological mechanisms underpinning the sensation of dyspnea. 1 The key principles of CBT include education based on cognitive restructuring, in which individuals identify and explore recurring thoughts (cognitions) to evaluate their accuracy (identify distortions and possibilities of catastrophizing) and practice coping strategies through progressive exposure to the stimulus. The BREVE program aimed to assist subjects to identify and describe their sensory experience of breathlessness (physical and affective components, worst vs daily), the thoughts and beliefs associated with these sensations, and their usual behavioral responses (eg, avoidance of or ending physical activity, specific environments) to learn whether the sensations of breathlessness posed an immediate valid threat to survival (beneficial vs catastrophizing cognitions) and the appropriateness of habitual behavioral responses (Table 1) .
Each week, subjects attended a group session facilitated by a psychologist, supported by a program manual. Each week's module included a brief educational component (maximum 15-min presentation), discussion of a key concept, individual reflective activity, and explanation of homework tasks, including examples/demonstration and clarification of the task to be practiced during the supervised exercise sessions for the week. Subjects were encouraged to undertake homework each week by using cognitive strategies during the activities usually associated with breathlessness and fear at home. In addition to facilitating the group session, the psychologist also attended the supervised exercise sessions to coach individuals while breathless, in key tasks and techniques relevant to each module. The BREVE program intentionally did not replicate information included within the standard comprehensive pulmonary rehabilitation program educational sessions (respiratory anatomy, breathing exercises, pharmacologic management). The psychologist employed during the pilot study was experienced in CBT for the management of chronic pain, but had no prior experience of management of breathlessness, was naive to all outcome measures, and played no part in recruitment, outcome assessment, data management, or analysis.
Before or during the last session of the BREVE program, subjects were invited to complete a feedback form (12 items with a 4-point categorical scale: strongly agree, agree, disagree, strongly disagree) and provide comments on strengths and areas for improvement of the BREVE program. The intent of this feedback form was to collect key issues of the BREVE program content and usefulness. Many of the survey items were emotionally loaded in both a positive and negative sense to gain a clear impression of the perceived strengths and weaknesses of the program.
Analyses
Demographic characteristics of the pilot and retrospective control groups were collated and compared. The outcomes relevant for study objectives 1 (development of a CBT program specific for the sensation of breathlessness) and 2 (practical issues with study protocol) included feedback provided by pilot study subjects and sensation of breathlessness (no minimum clinically important difference available for descriptors). Responses were collated for the feedback form and analyzed descriptively for both categorical and opened-ended text-based items. Categorical options were collapsed into agree or disagree. Data for volunteered and endorsed descriptors of breathlessness were treated separately and allocated to groups of 6 categories for volunteered language and 4 categories for endorsed language. 7 Descriptor data were treated as binary (subjects volunteered/endorsed or did not volunteer/endorse) within each descriptor category. The McNemar test was used to assess proportional changes within each descriptor category for the pilot and control groups (note that the McNemar test calculates proportional differences in the number of subjects that change categories [yes to no or no to yes] rather than the number of subjects who do not alter their responses). Due to the disparity in group sizes, between-group differences were assessed descriptively (percentage of subjects who changed or did not change descriptors within each category).
The CBT intervention aimed to alter the perception and cognitions associated with breathlessness. However, improving the experience of breathlessness without a subsequent improvement in functional exercise capacity or respiratory-related quality of life is unlikely to reduce health service usage. Therefore, the outcomes assessed to address study objective 3 (estimate of beneficial effects) were the 6-min walk distance (6MWD; minimum clinically important difference of 25 m) 16 and SGRQ total score (minimum clinically important difference of 4 units). 17 All analyses were undertaken using SAS 9.2 (SAS Institute, Cary, North Carolina), with P Ͻ .05 regarded as statistically significant. Missing post-intervention data were imputed by predicted values derived from linear regression models based on pre-intervention values. Repeatedmeasures analysis of variance was used to assess withingroup intervention effects (pre to post) and differences in intervention effects between groups (BREVE pilot or control).
The effect size is a way of quantifying the effect of the intervention in both groups rather than the statistical significance (which includes both effect and sample sizes). 18 Effect sizes were calculated post hoc 18 with Cohen's d, 
Results
Each of the first 12 consecutively recruited subjects agreed to participate in this pilot study, with 11 completing the intervention (comprehensive pulmonary rehabilitation program ϩ BREVE) and follow-up assessments. The majority of pilot group subjects met the spirometric criteria for COPD (9/11, 82%; GOLD [Global Initiative for Chronic Obstructive Lung Disease] stage 2 ϭ 2, GOLD stage 3 ϭ 5, GOLD stage 4 ϭ 2). 20 With the exception of the ratio of males to females in each group, there were no significance differences between characteristics of the pilot group compared with the control group ( Table 2) . Missing data for primary outcomes necessitated imputation by linear regression (post-intervention 6MWD n ϭ 6, SGRQ score n ϭ 3).
Feedback Concerning the BREVE Program
Six of the 11 subjects provided written feedback: 5 used the feedback form, although not all respondents completed each item, and one provided handwritten feedback without the feedback form (Table 3) . Subjects unanimously supported the need for a group session and the role of a facilitator in both the group session and the supervised exercise sessions. The majority of subjects agreed that the program was useful in helping them understand and manage their breathlessness and confirmed the layout and language style of the BREVE manual. Areas of revision/improvement included reducing and altering the homework tasks.
Volunteered and Endorsed Descriptors of Breathlessness
Within Groups. Within the pilot group, the proportion of subjects who changed descriptors of breathlessness preto post-intervention was not significant (volunteered or endorsed) ( Between Groups. For both the pilot and control groups, the percentage of subjects changing or not changing descriptors within each language category was similar (Table 5 ).
6MWD and SGRQ Score
Within Groups. For both the pilot (n ϭ 11) and control (n ϭ 59) groups, there were clinically relevant improvements in the 6MWD after the intervention (Table 6 ). Mean differences for the SGRQ (total score) were small and did not reach statistical or clinical importance (mean change in points of 2) in either the pilot or control group.
Between Groups. The mean increase in the 6MWD was greater for the pilot group compared with the control group (P ϭ .03, effect size of 0.69). No significant difference was evident for the SGRQ (total score) between groups (P ϭ .93, effect size of 0.03) (see Table 6 ).
Discussion
The primary objectives of this pilot study were to develop and implement a CBT program specifically targeting the sensation of breathlessness (BREVE), identify practical issues with the study protocol, and estimate any additional benefit of the CBT program to standard comprehensive pulmonary rehabilitation. The CBT program was successfully implemented and positively received by the majority of subjects. The main practical issues identified throughout the pilot study included difficulty attaining a complete set of post-intervention data, potential for group contamination, and choice of outcome measures. No sig- nificant differences were evident for descriptors of breathlessness (volunteered and endorsed) or respiratory-related quality of life within or between the pilot and control groups. There were significant improvements in the 6MWD within and between pilot and control groups, with greater mean improvement for the pilot group (mean of 57 m vs 27 m). In theory, altering the way the sensation of dyspnea is perceived, especially reducing the fear/threat response, should alter behavioral outcomes. The model of Lansing et al 21 for the perception of dyspnea proposed a sequence in which initially somatosensory areas assess the intensity and sensory quality (descriptors) of the breathlessness (somatic awareness), with a subsequent stage managed by the insula, dorsal anterior cingulate cortex, amygdala, and medial thalamus assessing the degree of unpleasantness/threat (affective awareness). 22 Where the degree of unpleasantness is perceived to be threatening, immediate and longerterm behavioral responses are learned (such as early cessation of activity or avoidance). Both stages may be modulated by cognitive processes (memory, learning, and schemata) and personality (affectivity). 3 The findings of this pilot study appear to be consistent with this model if the feedback provided by BREVE program subjects (increased endurance, better breathlessness management, and reduced anxiety associated with exercise-related breathlessness) reflects a change in affective awareness facilitating an ability to increase their exercise capacity. A heavy emphasis on cognitive restructuring and repeated exposure to potentially aversive sensations (in this case, breathlessness) can be an effective way of reducing the fear associated with physical sensations, 23 may facilitate more effective exercise training, and potentially could lead to larger or longer-lasting changes in activity levels. Previous studies have noted the relationship between levels of anxiety sensitivity and breathlessness. 23 Anxiety and/or anxiety sensitivity may have been moderated with the BREVE intervention, with reduced anxiety associated with exercise-induced breathlessness reported by BREVE subjects. A formal assessment of anxiety and Step by step format" Understanding how past situations influence current thinking and behavior "Helped to achieve an exercise program" "Use of HELP thinking to diminish/overcome HINDER thinking" "The BREVE handbook and the detailed information" Having the BREVE coach in the exercise sessions "Well-organized group format-not trite shameless group therapy" Areas for improvement in the BREVE program Reduce homework requirements Revise homework activities to reduce repetition and provide more examples of activities "I get more help by reading the next session and making notes, then participating."
Verbatim responses to open-ended questions are indicated by quotation marks. Other comments were provided by more than one subject. Not all subjects provided responses to each item, and one subject elected to provide written feedback without the feedback form. n ϭ 6. BREVE ϭ Breathing: Recognize sensations, Explore thoughts and beliefs, Validate thoughts as useful or harmful, Evolve and change behavior depression should be included in any future randomized controlled trial. The proportion of subjects in the pilot group who changed descriptors of breathlessness between baseline and postintervention assessment was not statistically significant (see Table 4 ), most likely due to the very small sample size. On average, 3 subjects (27%) changed their choice of descriptors within each of the volunteered or endorsed descriptor categories, with the largest change in the frightening and uncomfortable categories (both n ϭ 4, 36%). The percentage of subjects who changed descriptors of breathlessness strongly associated with greater unpleasantness (air hunger, frightening, uncomfortable) may be more important than whether the proportional change reached statistical significance. The percentage of subjects who changed or did not change descriptors of breathlessness after the intervention followed similar patterns in the pilot and control groups (see Table 5 ). Using a binary method of assessment (a subject either volunteered or endorsed a descriptor within a category or did not), we assessed whether subjects acknowledged the presence of the descriptor rather than the intensity of that sensation. More recent instruments, such as Dyspnea-12 24 and the Multidimensional Dyspnea Profile, 25 permit the assessment of both the presence and intensity of the descriptor.
Although subjects' feedback was positive for the BREVE program and there appeared to be a greater improvement in exercise outcomes, there were a number of confounding issues within the pilot study (eg, disparity between group sizes, use of a retrospective control group), with one of the main issues being the amount of missing data for primary outcomes post-intervention (6MWD n ϭ 6, SGRQ score n ϭ 3) due to the reduced number of staff and staff changes, resulting in delayed, rescheduled, and cancelled appointments. Exacerbations of chronic disease, lack of time, transport issues, motivation, and lack of perceived benefit of pulmonary rehabilitation are well documented as reasons for withdrawal or dropout in studies of pulmonary rehabilitation. 26, 27 If the incomplete post-intervention data are considered to reflect the overall dropout rate for this pilot study, then the range for different outcomes (6MWD, SGRQ score) falls within previously reported estimates for dropout/withdrawal rates of subjects in pulmonary rehabilitation programs (0 -54%). 26 In planning a larger trial, a contingency plan ensuring against unnecessary dropout and loss to follow-up is warranted (dedicated and funded study staff, prescheduled days booked for assessments of study subjects, limiting the number of rescheduled appointments [excluding subject-requested alterations]). The first 12 consecutive subjects agreed to participate in this pilot study, and only one subject did not complete the intervention. This uptake rate is better than expected but falls within reported participation rates (range of 35-100%) for previous studies of non-pharmacologic interventions for subjects with COPD. 28 This positive responder bias may have been a result of recruitment by the comprehensive pulmonary rehabilitation program director, novelty of the intervention, or scheduling the intervention within the standard program (no additional travel or appointments were required) or due to the previous commitment of the subjects to attend the comprehensive pulmonary rehabilitation program and their being predisposed to changing health behaviors. One unanticipated issue that arose midway during the program was the request from a subject undertaking the standard comprehensive pulmonary rehabilitation program to attend the BREVE group sessions (which was accepted). Pilot group subjects completed the standard program with the entire cohort scheduled within that rehabilitation cycle, which permitted discussion and conversation concerning the nature of the extra group BREVE session and the presence of the facilitator during the supervised exercise sessions. In planning a larger trial, block randomization (comprehensive pulmonary rehabilitation program cycles) rather than individual randomization will be required to reduce the potential for crosscontamination between trial groups.
A number of authors recommend against the use of inferential statistics, or at least a reduced emphasis on statistical significance, in pilot studies that include small samples. 9, 29 Although the imputation process may have inflated the mean change for the 6MWD, the available raw data for the pilot group's 6MWD pre-to post-intervention (57 Ϯ 45 m) was greater than the mean difference for the control group (27 Ϯ 56 m) and above the minimum clinically important difference suggested for the 6MWD. 16, [30] [31] [32] The 6-min walk test and SGRQ have been previously used to assess responsiveness to pulmonary rehabilitation. In the pilot and control groups, the mean increase in 6MWD (both raw and imputed) exceeded the 25-m improvement (95% CI 20 -61 m) suggested by Holland et al, 16 but only the pilot group surpassed all other estimates for the minimum clinically important difference, 30, 31 with a value of 54 m (95% CI 37-71 m). 32 However, neither the pilot nor control group achieved statistically significant improvements in quality of life at follow-up, and no significant difference was evident for the SGRQ (total score) between groups (P ϭ .16, mean change of 2 points) (see Table 3 ). Although neither group achieved the minimum clinically important difference of 4 points, both achieved the lower range of changes considered clinically meaningful (change between 2 and 8 points 33 ), and there was no difference in these changes between historical control and pilot groups.
There may be several reasons why neither group demonstrated significant improvements in respiratory-related quality of life despite both groups having improvements in functional exercise assessments. The most likely reasons include the appropriateness of the SGRQ for the study population, the lack of a social group control for the CBT intervention, and the novelty/priority given to the exercise component of the BREVE program.
The SGRQ was originally developed for asthma and COPD, but, in the clinical research environment, is used predominantly in COPD populations. A review of the SGRQ undertaken to create a more appropriate instrument for use in patients with COPD identified 26 items that 34 At the time of this pilot study, the SGRQ was the recommended instrument for assessing quality of life for patients undertaking pulmonary rehabilitation within the Australian context, and the revised version of the SGRQ was not yet available. The pilot and control groups completed a similar pulmonary rehabilitation program (including the staff and the number of supervised exercise sessions attended). The greater improvement in exercise capacity in the pilot group might be due to the additional CBT group session each week and/or individualized coaching of cognitive strategies by the psychologist addressing the perception of breathlessness during the supervised exercise sessions. It is possible that the nature of these group sessions created factors known to improve performance, such as individualized attention and interactive sessions involving the sharing and addressing of significant fears, as well as the novel attraction of the intervention contributing to increased group cohesion, a variable often linked to positive group exercise performance. 35 Additionally, social support has been linked with improved health outcomes, including better adherence and increased exercise tolerance among the elderly and cardiac rehabilitation populations. 36, 37 Furthermore, the overt evaluation embedded in regular observation and homework for the pilot group members may have led them to work harder in the gym, commonly known as social facilitation. 38 However, the longer-term maintenance of these benefits has not been assessed.
By their nature, pilot studies commonly include small sample sizes (underpowered) and a variety of known and unforeseen methodological limitations. For these reasons, estimating sample sizes for larger trials from pilot study results, although common practice, is contentious. 8 Within this pilot study, the effect sizes calculated for the primary outcomes differed substantially (6MWD medium, SGRQ score negligible). Therefore, to estimate the sample size required for a larger randomized control trial with follow-up assessments, a conservative approach was applied. Using 6MWD as the primary outcome, the minimum sample size required for a small effect size (0.15), if P ϭ .05 and power is 80%, for 2 time points (baseline and 1 month post-intervention) is 90 (45 subjects/group), for 3 time points (baseline and 1 and 6 months post-intervention) is 74 (37 subjects/group), and for 4 time points (baseline and 1, 6, and 12 months post-intervention) is 62 (31 subjects/group).
Conclusions
This pilot study developed a CBT intervention specific to the sensation of breathlessness that appears feasible and acceptable to subjects undertaking pulmonary rehabilitation. Estimates of beneficial effects were limited by the missing post-intervention data, and a number of practical issues were identified with the protocol. These include securing dedicated project staff and transport, adding a social group control, block rather than individual randomization, minor alterations to the BREVE program, revising the outcome measures, and extending the follow-up period to assess longevity of benefits. These modifications have been made to a larger randomized control trial currently under way (Australian New Zealand Clinical Trials Registry trial ID ACTRN12611000292976, supported by National Health and Medical Research Council project grant 1010309).
